Abstract The treatment protocol of closed calcaneal fractures has been described in the literature extensively.
Introduction
Figure 1 shows a type P fracture due to gunshot and the treatment. Table 1 shows the summary of our study data. Indications for conservative and surgical management of calcaneal fractures have been described in the literature, although no consensus has been established. There are many studies on either conservative or surgical treatment, timing of surgery, type of incision preferred and late followup results of closed calcaneus fractures. However, there have been limited articles on incidence, and the principles of treatment of open calcaneal fractures [2] [3] [4] 10] . To date there is only one study describing the wound localisation [13] . We are not aware of any studies classifying open calcaneal fractures and giving treatment protocols based on such classification. In our study, choices of open calcaneal fracture treatment and late follow-up results are presented. We also propose a new classification for open calcaneus fractures treatment according to the localisation of the open wound and is impact on the treatment.
Materials and methods
One hundred and ninety calcaneal fractures that were treated at the Department of Orthopaedics and Traumatology, Gülhane Military Medical Academy and Hacettepe University Faculty of Medicine between years 1985 and 2000 were enrolled in this study. Thirty-nine (20.5%) of these in thirtysix patients were open fractures. All thirty-six patients were male with an average age of 35 (range, 20-70). The mechanism of injury included motor vehicle accidents in five, falls in seven, gunshots in eight, land mines blast injuries in 15 and crush injury in one. Fifteen patients had a fracture on the left and eighteen patients on the right side. Three patients had bilateral fractures. The patients with open fractures classified type-II, -IIIA or -IIIB according to Gustilo et al. [11, 12] were included in this study. The number of patients were seven, ten and 19, respectively. Thirteen out of 36 patients had additional trauma of other parts of other parts of the body, including vertebrae, femur and tibia fractures. Patients presenting with mutilating foot injuries, such as blast injuries, accompanying talus fractures, and Gustilo et al. type IIIC open calcaneal fractures were not included within this study.
The location of the open wound was on the medial side (Type M) in 18 cases, posterior (Type P) in 11, and lateral (Type L) in four. In six cases the wound was much more complex (Type C). Autogenous bone graft was used in nine patients in whom primary subtalar distraction arthrodesis was applied and in three patients in whom there was a cavitary defect.
In our experience there are four patterns of wound in open calcaneal fractures which we have classified according to the localisation of the wound:
Medial wound
Generally results from high-energy axial-loading injuries. The medial spike of the medial wall of calcaneus leads to extensive soft tissue disruption medially. Temporary broad spectrum antibiotics and repeated irrigations with debridement are the mainstay for therapy. After the control of active infection, exposure is achieved with lateral incision and the bone fragments causing tension in the medial soft tissues are removed. Calcaneal height is restored, while its width is decreased. Open reduction and internal fixation (OR-IF) was performed only if subtalar joint surface is reconstructable. If there was significant comminution and the fracture was not amenable to reconstruction, a primary subtalar distraction arthrodesis was performed.
Posterior wound
Close-range gun-shots or heavy load accidents result in this type of injury. The open wound is either transverse or a cavitary defect. The fracture could be the tongue-type or defective along with the open wound. The defect often seems larger than it is, due to the contraction of Achilles tendon and, thus, primary closure may not be possible. As for the OR-IF, following irrigation and debridement minimal fixation can be achieved either by means of screws or K-wires or Ilizarov type circular external fixator using K-wires with an olive.
Illustrative case
A 30-year-old police officer was admitted to the emergency room following a close-range gun-shot injury of his right heel. There was no exit wound. The patient had a transverse open wound posteriorly sized at 14×6 cm.The radiographs demonstrated a tongue type fracture of the calcaneus.
The wound was classified as a Gustilo et al. type-IIIB open fracture, and during exploration the bullet fragment was extracted. After proper irrigation with pulsatile lavage and debridement, the ankle was fixed by means of an Ilizarov external fixator in 35°plantar flexion to decrease the pull of the Achilles tendon.
The entrance wound, sized at 2×2 cm, was left open, and secondary healing was achieved in four weeks uneventfully. The degree of plantar flexion of the ankle was reduced in time and gradual correction of the equinus deformity was achieved. The Ilizarov frame was removed at the tenth week. Four months later, the remaining calcaneal cavity was filled with autogenous iliac bone graft, which was harvested from anterior iliac crest. He suffered from a transient nerve lesion, which later recovered completely. The patient has been followed up for two years without any [16] .
Complex wound
The plantar skin is avulsed completely and the fracture is often from the dorsosuperior part towards distal inferior. Debridement, plantar skin reattachment and use of an external fixator, free flaps or partial calcanectomy are the recommended possibilities for treatment.
Results
Between January 1985 and December 2000, one hundred and ninety calcaneal fractures were treated at our clinic, 39 fractures (20.5%) in 36 patients were open. All 36 patients were seen at their final clinical and radiographic follow-up at 9.29 years. (range: 1.25 to 28 years) One patient died at the 15th month of follow-up, due to other reasons. All patients healed after above-mentioned modalities of treatment. At the final follow-up all patients had limited subtalar movement. In two patients in whom arthrodesis was applied, minimal resorption occured in the bone graft; however, union was achieved. Hypoaesthesia developed in eight patients along the sural nerve dermatome. Severe reflex sympathetic dystrophy developed in five patients, but with appropriate medical and physical therapy they were managed well, although one of them had to receive medical therapy for seven months. In three patients there was insufficient movement in metatarsophalangeal and interphalangeal joints. In patients to whom primary subtalar distraction arthrodesis performed, the outcome was generally reasonable, but there was no subtalar motion. In patients with other modalities applied there were 5 degrees of inversion and no eversion at all. Flexion-extension range was −10 to 35 degrees. The mean AOFAS score of the patients at their latest follow-up was 77.9 (67-92). Three chronic osteomyelitis cases were managed with partial calcanectomy in two and with aggressive debridement and vancomycin embedded bone cement in four. Eradication of infection has been achieved in all. [18] . He preferred open reduction and internal fixation after soft tissue healing as a definitive procedure.
Forty percent of open fractures occur in the lower limb and the tibial and femoral diaphyses are most commonly affected [14] . Open fractures occurred in 2% of adult ankle fractures [7] . Although it has been mentioned that it constitutes a minor proportion of all calcaneal fractures, the incidence of open calcaneal fractures has not been well documented. In a recent study by Coughlin et al. [6] , three calcaneus fractures out of 48 were open, indicating a 6.25% incidence. Heier et al. published their experience with open calcaneal fractures, in which the incidence for open calcaneal fractures was 8.5% [13] . In a multicentre study by Buckley et al. [5] there were 21 open cases among a total of 559 fractures, pointing out a 3.75% incidence.
In addition, the treatment protocol of open etra-articular calcaneal fractures has not been clearly described in the literature [13, 17] . The main aim in the treatment of open calcaneal fractures is to close the fracture site and achieve reduction as soon as possible and to decrease the risk of infection. Immediate primary closure of open fracture wounds after a thorough debridement by an experienced fracture surgeon appears to cause no significant increase in infections or delayed union/nonunions [8] . It would be unlikely to have soft tissue healing and to avoid infection without providing a clean environment and achieving stability in severe open fractures of the calcaneus. In open fractures that resemble a bag of bones soft tissues are under much tension, which is detrimental for their healing. Thus ligamentotaxis obtained by means of an external fixator would help fracture alignment and following soft tissue healing. Furthermore, compartment syndrome of the foot must be kept in mind in open calcaneal fractures, so that the patients must be examined carefully.
Performing OR-IF after soft tissue healing lengthens the period in hospital. After 3-4 weeks, reduction is more difficult to perform and it is almost like treating a malunion. In the study by Heier et al. [13] the open wounds were not closed immediately, but at an average of 10.6 days (range, 0-41 days). In our series which is rather small, treatment was initiated as soon as possible to achieve a stable environment and satisfactory results were obtained except for two cases.
Smoking, diabetes, and open fractures all increase the risk of wound complication after surgical stabilisation of calcaneus fractures [9] .
Among surgically treated calcaneus fractures we have noted a significant incidence of open calcaneus fractures, 20.5%. This high dehiscene rate has not been reflected in the literature to date. The reason that we have come across such a high incidence of open fractures might be the fact that our clinic is tertiary referral hospital. Repeated soft tissue and bony procedures are often required in these patients. Soft tissue procedures that can be performed in these patients have been described [15] . Application of an Ilizarov frame provides safe wound healing without an increase of the infection risk and allows gradual correction of the equinus deformity without any undue tension on the avulsed fragment. Circular external fixation is a safe and effective technique for treatment of the open fractures of the calcaneus with posterior open wound.
It is well known that hospital stay is longer for open fractures. Repeat operations are performed, but infection rates remain high, and late functional results are still poorer compared to those of closed fractures of the same region.
The AOFAS hindfoot scores of the patients with open calcaneal fractures in our series have been found to be lower than the scores of the patients with closed calcaneus fractures in whom OR-IF has been performed [1] .
We 
Complex open wound
There is no standard protocol for treatment. Whatever the treatment protocol chosen is, the prognosis is poor.
In conclusion, the type of treatment modality should be individualised according to the type of fracture and localisation of wound in open calcaneal fractures. The reason open calcaneal fractures are not discussed in detail in the literature might not be only that they are relatively rare but also because they are excluded from the study groups because they adversely affect the good results of the series. The presumed underlying cause of this is that these fractures have not had a standard protocol for treatment, yet.
